Abstract: The effects of safety behaviours associated with pesticide use on the occurrence of acute organ symptoms in 395 male and 101 female tobacco-growing farmers in Malaysia were studied. We used a 15-questionnaire checklist on safe pesticide-use behaviours and a 25-questionnaire checklist on acute organ symptoms reported shortly after spraying pesticides. Results of stepwise multiple linear regression analysis indicated that no smoking while spraying, good sprayer-condition, and changing clothes immediately after spraying significantly prevented occurrence of acute symptoms just after pesticide spray in male farmers; in female farmers, only wearing a hat while spraying significantly prevented the symptoms. Safety behaviours in pesticide use in male and female tobaccogrowing farmers are discussed in the light of these findings.
At the moment, very few epidemiological studies have been conducted to examine the effects of safety behaviours on occurrence of acute pesticide poisoning [2] [3] [4] [5] [6] [7] . Previous reports on pesticide toxicity in tobacco-growing farmers in Malaysia have revealed that more than one-third of farmers suffered from the acute symptoms [8] [9] [10] . In the present study, we assess the effects of safety behaviours associated with pesticide use on the occurrence of acute symptoms in male and female tobacco-growing farmers in Kelantan, Malaysia.
Introduction
In developing countries, pesticides are the most hazardous chemicals in the workplace. Organophosphates, carbamates and pyrethroids are commonly used by agricultural workers for crop protection. Occupational exposure to these pesticides occurs through poor hygiene practices and lack of proper personal protective equipment (PPE). Poor hygiene practices such as use of leaking pesticide sprayer and prolonged bodily contact with pesticides would lead to excessive dermal, pulmonary and intestinal absorption, thereby resulting in occurrence of acute poisoning. Also, absence or improper use of PPE such as rubber gloves, coverall, facemask and head cover, could lead to acute pesticide exposure 1) .
of Bachok District, Kelantan, Malaysia. A 10% random sample of farmers, stratified by the selected sub-districts and sex, was chosen. From July 1 to December 31, 1993, 500 farmers (396 males and 104 females) were recruited. The farmers were contacted through local officers of the National Tobacco Board in each sub-district and through direct approaches at the work place. These contacts and approaches were mediated and supported by the local Tobacco Planters Association of which the farmers were members. According to the farmers interviewed, approximately 30% of tobacco farmers belong to the local Tobacco Planters Association. The purpose of the study was explained and their informed consents were obtained.
Questionnaire studies
We developed and pre-tested structured questionnaires on pesticide use and acute symptoms of pesticide poisoning in the local Malaysian language. There were three sections in the questionnaires: (1) four demographic and five occupational characteristics, and four present illness (Table  1) , (2) fifteen safety behaviours associated with pesticide use (Table 2 and Appendix 1), and (3) twenty-five organ symptoms associated with pesticide use (Table 3 and Appendix 2). The questionnaires on safety behaviours were based on the World Health Organization reports 11, 12) concerning pesticide use in agriculture. Also, those on organ symptoms were based on acute symptoms commonly reported [13] [14] [15] [16] [17] [18] [19] and validated [7] [8] [9] [10] [20] [21] [22] [23] [24] in various studies of organophosphate, carbamate and pyrethroid poisonings. A list of the types of pesticides used by farmers is given in Appendix 3. Methamidophos, acephate, cypermethrin, chlorothalonil and dithiocarbamate were the principal pesticides used on tobacco farms 8) . Trained interviewers administered the questionnaires to the farmers either before commencement of their work, during rest periods, or at home. Of the 500 questionnaires administered and collected, 4 were excluded because of incomplete replies; the remaining 496 questionnaires (395 males and 101 females) were used in the present study. The study was approved by the Research and Bioethics Committee of the School of Medical Sciences, University of Science Malaysia.
Statistical analysis
Gender differences in demographic and occupational characteristics and present illness were analysed by Student's t test for continuous data and by chi-square test for categorical data. Also, those in safety behaviours and organ symptoms were tested by chi-square test with Yates' correction for continuity; Fisher's exact test was used when applicable. The analysis of covariance (ANCOVA) was conducted to compare safety behaviours and organ symptoms between male and female farmers, controlling for education, smoking, years of employment, and hours of pesticide spray per day; dummy variable coding was used for each of the 15 safety behaviours and 25 organ symptoms ('yes'= 2, 'no' = 1).
To determine the effects of safety behaviours on organ symptoms in male and female farmers, we conducted stepwise multiple linear regression analysis in which age was always included in the regression model and all other independent variables were entered and removed at p < 0.05. In male farmers, we first selected the following 21 independent variables which had significant correlations with dependent variables (numbers of organ symptoms) in univariate analysis at the significance level of p < 0.1; 13 safety behaviours (use device, wear facemask, wear boots, wear goggles, wear shirt, wear long pants, not drink, not eat, not smoke, bathe, wash hands/face, good sprayercondition, and change clothes), 2 demographic (education and employment), 3 occupational (employment, spray per week, and number of pesticides), and 3 present illness variables (hypertension, asthma, and skin disease). Similarly, in female farmers, 17 independent variables were selected: 9 safety behaviours (use device, wear facemask, wear boots, wear hat, not drink, not eat, not smoke, wash hands/face, and change clothes), 2 demographic (employment and smoking), 3 occupational (employment, number of spray per week, and number of pesticides used), and 3 present illness variables (hypertension, asthma, and skin disease). Categorical variables were coded as dummy variables ('yes' = 2 and 'no' = 1). Then, using these variables as independent ones, stepwise multiple regression analyses were conducted with the numbers of symptoms in each organ system as dependent variables.
All analyses were carried out using SPSS version 6.1 25) in the Department of Public Health and Occupational Medicine, Graduate School of Medicine, The University of Tokyo.
Results
Differences in prevalence of safety behaviours associated with pesticide use between 395 male and 101 female tobaccogrowing farmers are shown in Table 2 . Proportions of wearing hat, wearing long pants, and changing clothes were significantly higher in male farmers than in female farmers (analysis of covariance). Also, differences in prevalence of organ symptoms associated with pesticide use in 395 male and 101 female tobacco-growing farmers are shown in Table  3 . The differences were not significant when analysed by ANCOVA controlling educational career, smoking, duration of employment and number of pesticide spray.
Results of stepwise multiple linear regression analysis on the effects of 15 safety behaviours, 4 demographic, 5 occupational, and 4 present illness variables on number of organ and total symptoms in 395 male and 101 female farmers are shown in Table 4 . In males, no smoking while spraying was inversely related to total and respiratory symptoms. Also, in males, good sprayer-condition was inversely related to total symptoms and central nervous system, digestive, eye and skin symptoms; changing clothes was inversely related to total and respiratory symptoms. On the other hands, in females, wearing hat was inversely related to total and skin symptoms. Figures 1 and 2 illustrate the effects of those safety behaviours on total number of symptoms in male and female farmers.
Discussion
Results of stepwise multiple linear regression analysis indicated that no smoking, good sprayer-condition, and changing clothes are most important safety behaviours for prevention of the occurrence of acute symptoms just after pesticide spray in male farmers; on the other hand, in female farmers, wearing a hat is most important.
No smoking significantly prevented occurrence of respiratory and total symptoms in male farmers. Smoking while spraying could increase the absorption of pesticides through inhalation of both the airborne particles and through oral ingestion of the particles attached to cigarettes. Smoking while spraying pesticides could also exacerbate underlying respiratory diseases such as bronchitis and asthma by delivering irritating smoke and pesticide aerosols to the respiratory airways. The pesticides inhaled could cause respiratory symptoms and then systemic symptoms after absorption. Special efforts should be made to curb Malaysian farmers from smoking while spraying in order to prevent occurrence of effects of pesticides. Using pesticide sprayer in good condition significantly prevented digestive, central nervous system and total symptoms also in male farmers. Leakage of pesticide during pesticide spray is a serious problem among agricultural workers in developing countries 7, 8, 24, [26] [27] [28] [29] . Socio-economic factor has been cited as the main reason for poor maintenance of pesticide sprayers 24) . Pesticides leaking through sprayers' defects could cause local symptoms in the skin, eyes and digestive organs through body contact and oral ingestion as well as central nervous system symptoms through absorption 8, 9) . We should advise the National Tobacco Board of Malaysia to provide those farmers with regularly subsidized spray maintenance program in order to use sprayers in good conditions as the farmers are using defective spray devices due to high costs for repair and maintenance of sprayers 8) .
Changing clothes immediately after pesticide spray significantly prevented respiratory and total symptoms in male farmers. This is consistent with data in Indonesian farmers, in which farmers wearing clothes soaked with pesticides reported a greater number of symptoms compared with those wearing clothes not soaked 7) . Delay in changing clothes could result in longer duration of body contact with pesticides and thus increase the risk of inhalations from the lungs and absorption of pesticides from the skin area. The quality of clothing worn could also be important in determining the extent of pesticide absorption since material of poor quality could potentially allow greater pesticide penetration and hence skin absorption. Therefore, knowledge on the potential risk of prolonged bodily contact with pesticides through delay in changing clothes should be fully explained to farmers.
On the other hand, in female farmers, wearing hat was inversely related to skin and total symptoms. Many women in tropical countries perceive their head cover worn for religious purposes as adequate protection from the adverse effects of pesticides [8] [9] [10] . These head covers were made of thin cotton that could be easily penetrated by pesticides deposited while spraying. Wearing a proper hat while spraying would protect them against deposition of pesticides on their head and neck, thus preventing the cutaneous and systemic effects. Religious and health authorities are also advised to develop a health education program on using PPE such as a hat for female tobacco-growing farmers. 
